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By Clement J. Welsh, William M. Bland, Jr., 
and Richard E. Walters 

SUMMARY 

A l/l0-scale  rocket-propelled model of t he  Convair XF2Y-1 airplane 
having open ducts and the  elevons  deflected upward 3.5’ has  been f l i g h t  
t e s t ed  by the  Langley P i lo t less   Ai rcraf t  Research  Division  through a 
Mach  number range of about 0.7 t o  1.5. 

Test  results  indicated  the  following  conclusions:  There was a  drag 
r i s e  of approximately 0.020, with  a  peak  supersonic  drag  coefficient of 
about  0.036 a t  M = 1.1; a  helium-gun equivalent-area model  had a similar 
drag  r ise .  The l i f t -curve  s lopes  for   the  total   configurat ion were 
approximately 0.058,  0.046,  and  0.042 for  corresponding Mach numbers of 
0.91, 1.22,  and 1.49. There was a s l igh t  rearward movement of the  aero- 
dynamic center  at  supersonic  speeds from  approximately 41 percent mean 
aerodynamic  chord at M = 0.91. 

INTRODUCX’ I O N  

The second model of a   ser ies  of l/lO-scale  rocket-propelled models 
of t he  Convair xF2Y-1  a i rplane  being  tes ted at the  request of t he  Bureau 
of Aeronautics, Department  of t he  Navy ,  has  been  flown. The Convair W2Y-1, 
which i s  a twin-tur’bojet-engined tailless airplane  with  modified  delta 
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wings  and ver t ica l   sur face ,  is designed t o  be a water-based  supersonic 
f igh ter   a i rp lane .  

The primary  purpose  of t h i s   f l i g h t ,  which was conducted a t   t h e  
Langley P i l o t l e s s  Aircraft Research  Station at Wallops Island, Va., was 
t o  determine  the aerodynamic charac te r i s t ics  of t h i s  model with air flow 
through  the open ducts which w i l l  house the  turbojet   engines  on t h e  full-  
scale   a i rplane.  

The long i tud ina l   s t ab i l i t y  and drag  characterist ics  obtained from 
t h e   f l i g h t  test of t h e  model a re   p resented   in   th i s   paper   for  a Mach  num- 
ber  range of 0.7 t o  1.3 which corresponds t o  a  Reynolds number range of 
8.4 x lo6 t o  22 X lo6. I n   o r d e r   t o   f a c i l i t a t e  the publishing of t he  
data no analysis  i s  presented. 
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SYMBOLS 

t o t a l  included wing area,   sq  f t  

wing mean aerodynamic  chord, ft 

cross-sectional  area of equivalent body, sq   in .  

radius of equivalent body  of revolution,  in. 

body length,   in.  

distance  from  nose,  in. 

moment of i n e r t i a  about  pitching axis, slug-sq f t  

free-stream Mach  number 

Reynolds number 

free-stream dynamic pressure,   lb/sq ft 

angle of a t tack,  deg 

atmospheric s ta t ic   p ressure ,   lb / sq  ft 

loca l   s ta t ic   p ressure ,   lb / sq  f t  

P - Pa 

s, 
pressure  coefficient,  - 
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CN 
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./,, 'e 

acceleration due to   g rav i ty ,  32.2 f t / s ec2  

distance between  nose  and center-of  -gravity normal 
accelerometers 

normal accelerometer  reading,  g  units 

chord-force  coefficient , Chord force 
SOS 

l i f t  coeff ic ient  

drag  coefficient 

pitching-moment coe f f i c i en t   r e l a t ive   t o  18.65 percent  c - 

moment -curve  slope 

l i f t -eurve  s lope 

dCm dCm damping-in-pitch  coefficient, - + d(c) 2v d ( k )  2v 

duct to ta l   p ressure ,   lb / sq  ft 

free-stream  total   pressure,   lb/sq ft 

duct mass flow 

mass flow through a free-stream  tube of t he  same area as 
t h e  duct i n l e t  

free-stream  velocity, f t  /sec 

duct-exit   velocity,   f t /sec 

duct -exit Mach number 

duct-exi t   s ta t ic   pressure,   lb /sq f't 

duct-exit  area, sq in.  

n 
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A i  duct- inlet  area, sq in .  

& * radians/sec 
d t  ’ 

9 -, pitching  velocity,   radians/sec 

e pitching  acceleration,  radians/sec 2 

7 r a t i o  of specif ic   heats  

8 angle of pitch,   radians 

de 
d t  

.. 

Subscripts : 

t trim conditions 

B beach ( rear   por t ion  of fuselage  behind  the  exits)  

cg  center of grav i ty  

i n t   i n t e r n a l  

MODELS AND TESTS 

A sketch of t h e  Convair XF2Y-1 rocket model i s  shown in   f igure  1 
and  photographs of the  configuration  are  presented  as  figure 2. Two 
helium-gun equivalent-area models  have a l so  been t e s t e d  by the  technique 
as described  in  reference 1. One of these models was of t he  Convair XF2Y-1 
corresponding t o  a rocket-model  duct  mass-flow r a t i o  of about 0.73. The 
second helium-gun  model was of the  Convair F2Y-1 airplane  corresponding 
t o  a  mass-flow r a t i o  of 1.0. The longi tudinal   area  dis t r ibut ions and the  
model prof i les  of the  tes ted  configurat ions  are  shown i n   f i g u r e  3. 

The rocket-model fuselage was constructed of plast ic-f iberglass  
laminate. The wing and t a i l  construction was of laminated wood with 
aluminum-alloy inlays.  

A s  t h e  f i rs t  rocket model  of t h e  XF2Y-1 t e s t ed  was l a t e r a l l y  
unstable   ( ref .  e) ,  an  analysis of i t s  dynamic l a t e r a l   s t a b i l i t y  charac- 
t e r i s t i c s  was made. The analysis   indicated  that   the   instabi l i ty  of t he  
model was the   r e su l t  of i t s  negative trim angle of a t t ack  combined with 
the  condi t ion  that   the   longi tudinal   pr incipal   axis  of t h e  model was below 
t h e  body axis.  
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In  order to   a l lev ia te   these   adverse   s tab i l i ty   charac te r i s t ics  on 
the  present model, t h e  elevons were deflected upward 3.5' f o r  a higher 
model tr im  angle and ballast was added t o   r a i s e   t h e   p r i n c i p a l   a x i s  and 
t o  move the  center  of gravity  forward. 

The ducts, which on the  ful l -scale   a i rplane house the   tu rboje t  
engines, were l e f t  open in   o rder   tha t   the   e f fec ts  of a i r  flow  through 
the  ducts would be included in   the   p resent  tes t .  A sketch of the  rocket- 
model duct  cross-sectional  area i s  shown i n  figure 4; also shown i s  a 
sketch of &he  duct i n l e t  which i s  on the  ful l -scale   a i rplane.  A s  t h e  
rocket-model  ducts  did  not  contain  boundary-layer s p l i t t e r   p l a t e s ,   t h e  
cross-sectional inlet area of the  rocket model differed from t h a t  of 
the  ful l -scale   a i rplane as indicated  in  figure 4. The duct  pressures 
were measured at duct  longitudinal  positions as l i s t e d   i n  figure 4, 
with  four  static-pressure  orifices  manifolded  together on the  duct wall 
and the   t o t a l   p re s su re   o r i f i ce  a t  the  center of the  duct.  

In  order t o  produce  disturbances  of  the model i n   p i t c h  about i ts  
lateral  ax is   dur ing   f l igh t ,   in  such a manner tha t   longi tndina l   s tab i l i ty  
data could  be  obtained, two pulse  rockets were in s t a l l ed   i n   t he  rear 
portion of the  fuselage.  

The model was equipped  with a ten-channel  telemeter t o  transmit 
data  during i ts  f l i g h t .  Measurements made included  longitudinal  acceler- 
ation,  transverse  acceleration, normal acceleration  near  the  center  of 
gravi ty  and i n   t h e  nose  of t he  model, angle of a t tack,   f ree-s t ream  total  
pressure,   duct   s ta t ic  and total   pressure,   base  pressure,  and pressure 
measurements over t h e  beach of t h e  model. The base and  beach pressure 
measurements refer to   the   duc t -ex i t  annular areas and the  rear   port ion 
of the  configuration as indicated  in   f igure  2(c)  which a l so  shows t h e  
various  pressure-orifice  locations. 

The model was launched at a 60° elevation  angle and boosted t o  i t s  
maximum  Mach  number by a 6-inch-diameter solid-fuel ABL deacon rocket 
motor. The model did not  contain a sustainer  rocket motor. 

The CW Doppler radar  velocimeter and the  SCR 584 radar were used t o  
obtain  the  veloci ty  and the   f l i gh t   pa th  of t h e  model. Atmospheric  con- 
d i t ions  at t h e  time of t h e   f l i g h t  were determined  from  radiosonde  data. 
The Reynolds number of t h e  tes t  configurations  varied  with Mach number 
as shown i n  figure 3 .  

ACCURACY 
I .  . .. L .  

Experience  has  indicated  that   the  errors  in a measured telemeter 
quantity are within fl percent of t h e  range of the  instrument; hence, 
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er rors   in   t e lemeter   quant i t ies   t rans la ted   in to   coef f ic ien t  form a r e  
within,   the   values   l is ted  in   the  fol lowing  table:  

Errors i n  Mach  number and La a re   be l i eved   t o  be  within t0.015 
and f0 .loo, respectively,  throughout  the  test  range. 

RESULTS AND DISCUSSION 

L i f t  and S t a b i l i t y  

During t h e   f l i g h t   t h e r e  were three  disturbances of the  model about 
i ts  pitching  axis of about 2' or 3 O  i n  angle of a t t ack  from trim con- 
d i t ions .  The first disturbance  occurred at the  t ime  of  the  separation 
of t he  model from the  booster  and the  other  two were  from the  pulse  
rockets. A s  there  were no appreciable  transverse  accelerations  during 
the   f l igh t ,   the   shor t -per iod   osc i l la t ions   in   p i tch   resu l t ing  from these 
disturbances have been  analyzed  by  the methods  of reference 3 .  In  
addition,  the  data from t h e  two normal accelerometers were used t o  
ob ta in   t o t a l  pitching-moment data as follows: 

The pi tching  accelerat ion 8 i s  given  by 
.. 

which i s  proportional t o   t h e   t o t a l  pitching-moment coeff ic ient  

cm = - 
qgSE 

I Y  g 

Typical  variations of CL and (& with  angle  of  at tack  are shown 
in   f i gu re  6. Test   points   are  shown t o  give  an  indication of the  accuracy 
of the  data .  A near ly   l inear   var ia t ion   ex is t s   for   bo th  CL and Cm 
with a f o r   t h e   t e s t  range  of a. 



Values of C h ,  C&., dC&/dCL, and Cmq + CG are  shown i n   f i g -  
ure 7 plotted  against  Mach number. 

I Values of C b  fo r   t he   t o t a l   con f igu ra t ion  were approximately  0.058, 

s XF2Y-1 rocket model ( re f .  2 ) ,  it is now bel ieved  that   the   effect  of t he  

0.046,  and  0.042 for corresponding Mach numbers of 0.91,  1.22, and 1.49. 
Relative t o   t h e  C h  of 0.03 a t  M = 1.53, as determined f o r  t h e  f i r s t  

l a t e r a l  motion  of the  model on the  measured C h  value w a s  greater   than 
previously assumed. The values as calculated from the  period of 
t he  free osc i l l a t ion  of t he  model are i n  agreement with  the  values 
as determined  from t h e  normal accelerometer measurements. 

The values of d&/dCL calculated  by  three methods have been p lo t ted  
( f i g .  7 ) .  The methods used in   obtaining d&/dCL were: (a) d i r ec t ly  

from i t s  proportional  relationship t o  d(aN/g)nose - 1 (assuming t h a t  
d(aN/g)cg 

d&/dCn = d(&/dCL for   the   ex is t ing  small range  of a )  ; (b) from t h e  
quotient of C& and C& where C m ,  w a s  determined  from the  period 
of t h e  free osci l la t ion;  and (c) from the  quotient of C% and C& 
where (3% w a s  obtained from the  normal accelerometers. The values of 
d&/dCL obtained by the   th ree  methods a r e   i n  agreement  and, combined 
with  the  configuration  center-of-gravity  posit ion  at  18.65 percent  c, 
indicate  aerodynamic-center  locations  in  percent c' of about 41, 44, 
and 44 for  corresponding Mach numbers of 0.91, 1.22, and 1.49. 

- 

The small magnitude of t h e  combined damping-in-pitch  deriva- 
t ives Cmq + % i s  consistent  with  other  configurations  not  having 
horizontal  t a i l s .  

Variations  of lift coefficient and angle of a t t ack   fo r   t r im  con- 
ditions  with Mach number are shown i n  figure 8. The t r i m  curves as 
shown were determined  from the  record;  the dashed  sections of the  curves 
indicate a mean l i n e  through  an  oscil lation. The individual  points as 
plot ted were obtained from f igure 6. 

The var ia t ion  of the  pressure  coefficient  over  the beach of t h e  
model with Mach number is shown i n  figure 9. Also shown are a sketch 
and table   def ining  the beach  surface. The or igin of the  sketch  for  any 
given  station is  on a . l ine  intersect ing  the  center  of the  duct-exit  area 

'.? and pa ra l l e l   t o   t he   l ong i tud ina l   ax i s  of t h e  model. 

The beach pitching-moment coefficient GB has  been  plotted  against 
Mach number i n  figure 10 t o  give  an  indication of the  contribution of t h e  - 
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beach t o   t h e   t o t a l   p i t c h i n g  moment of the configuration  (with air flow 
through the ducts).  The ryl.B values have been calculated  by  the method 
used  and  described i n   d e t a i l   i n   r e f e r e n c e  2  from pressure measurements 
made over  the  beach. 

Drag 

The var ia t ion  of t he   t o t a l   d rag   coe f f i c i en t  of t h e  Convair XF2Y-1 
rocket model w i t h  Mach  number i s  shown i n   f i g u r e  l l ( a )  ; a lso  shown a re  
the  drag  curves  of the two  helium-gun  models of t he  XF2Y-1 rocket model 
and F2Y-1 a i q l a n e .  The measured component drag  coefficients of t he  
rocket-model plot ted  against  Mach  number are shown in   f i gu re  l l ( b )  . 

The drag  coeff ic ient   for  the rocket model having open ducts i s  
approximately 0.015 at subsonic  speeds  increasing t o  about 0.036 at 
M = 1.1 and then  decreasing  s l ight ly  with fur ther   increasing Mach  num- 
ber.  The t ransonic   drag  r ise   for   the XF2Y-1 helium-gun  model of about 
0.020 is  i n  agreement w i t h  that of the  rocket model. 

The base  drag  for this configuration, which i s  defined as that   drag 
a t t r ibu ted   to   the   annular   a reas  of t he  duct e x i t s  as ind ica ted   in   f ig -  
ure  2(c),  has been  calculated from pressure measurements made on the  
annulus of the   por t   ex i t .  

The beach  drag refers t o   t h e   d r a g  of the rear port ion of t h e  con- 
figuration  immediately  behind  the  duct  exits,  as  indicated  in  figure  2(c). 
The drag  coefficients have been calculated by t h e  method descr ibed  in  
de t a i l   i n   r e f e rence  2 from  pressure measurernents. 

The in te rna l   d rag   for  th i s  configuration i s  defined as the  drag 
resul t ing from the  air flow  through  the two  open ducts.  The coeff ic ients  
were calculated  by the  use of the  expression 

The internal   drag  represents  about 1 t o  6 percent of t h e   t o t a l   d r a g  of 
the  configurat ion  for   the  tes t   range of Mach number. 

Duct  Flow 

The mass flow  and  pressure  recovery  ratios of the  ducts  as a function 
of Mach  number a re  shown in   f i gu re  12. The mass-flow r a t i o  was determined 
from the  expression 
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which gives a nearly  constant  value of 0.7 over  the Mach  number range of 
t h e  t es t .  Choking conditions at the  duct   exi ts  a t  supersonic  speeds were 
assumed i n   t h e  mass-flow calculations.  

The pressure  recovery  ratio of the  ducts refers t o   t h e   r a t i o  of t h e  
duct t o t a l   p re s su re  t o  t h a t  of t h e  free stream. 

CONCLUSIONS 

A l/l0-scale  rocket-propelled model of t h e  Convair XF2Y-1 airplane 
having open ducts and the  elevons  deflected upward 3.5' has  been f l i g h t  
t e s t e d   t o  determine i t s  longi tudina l   s tab i l i ty  and drag  character is t ics  
over a Mach  number range  from  about 0.7 t o  1.5. The data indicate   the 
following  conclusions: 

1. There i s  a t ransonic   drag  r ise  of approximately 0.020, with a 
peak  supersonic  drag  coefficient of about 0.036 at M = 1.1; a helium- 
gun equivalent-area model had a similar drag  r ise .  

2. The l i f t -curve  s lopes  for   the  total   configurat ion were approxi- 
mately 0.058, 0.046, and 0.042 for corresponding Mach numbers of 0.91, 
1.22, and 1.49. 
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3 .  There w a s  a slight  rearward movement of t he  aerodynamic center 
at supersonic  speeds from  approximately 41  percent of t h e  mean aero- 
dynamic chord a t  M = 0.91. 

Langley Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics , 

Langley Field,  Va.,  December 22, 1933. 

Aeronautical  Besearch  Scientist 

d + L . / W  illiam M. Blan , . 
Aeronautical  Research  Scientist 

Richard E. Walters 
Aeronautical  Research  Scientist 

Approved : &- 
Joseph A. Shortal  

Chie f i l o t l e s s   A i r c r a f t  Research  Division 
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Weight ............................ 94.6 l b  
Moment of i n e r t i a   a b o u t  

I n c l i n a t i o n  of pr inc ipa l   ax i s  

Canter of g r a v i t y  18.65 percent  M.A.C.  

Wing 

................. p i t ch ing   ax i s  4.37 s l u g   f t 2  

below  body a x i s  0.5' ............... ................. 
Total   area ...................... 5.63 f t 2  
Aspect r a t i o  .................... 2.03 
Elevon def lec t ion  ............... 3.50 upward 
Alrfoi l  sec t ion  

a t   c e n t e r l i n e  ............ NACA 0002.89-65 (modif ied)  
f rom 86 percent  of 
h a l f - s w   t o   t i p  ......... NACA 0004-65 (modif ied)  

T a i l  .................... 
Airfoil sec t ion  
Exposed area  0.80 f t 2  

a t   r o o t  .................. NACA ooo 65 (modified) 
a t   t i p  ................... NACA OOOtI65 (modified) 

Dihgdral ang,le 
1 22' 27 

/ 
Angle-of- 

I m 

Figure 1. - General  arrangement of the rocket model. (All l inear  
dimens ions i n  inches. ) 



L-78832.1 
(a) One-quarter view. 

Figure 2.- Photographs of model. 



Figure 2.-  Continued. 
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L-78839.1 
( c )  Rear view. 

Figure 2.- Concluded. 
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p r o f i l e  of t h e   e q u i v a l e n t   b o d y ,   c o r r e s p o n d i n g  
t o  a d u c t   m a s s - f l o w   r a t i o   o f O . 7 3 .  

T o t a l  
(mass-flow r a t i o  = 0 )  

." ' "  
~ 

Tot61  x- \, 

(mass-flow r a t i o  = 0 . 7 3 )  
/ 

\ \  \ 
\ 

I Wing ( r o c k e t   m o d e l ) .  
I I I \  I \ I  

t 
I 7 T a i l   ( r o c k e t   m o d e l )  

0 .1 .2 . 3  .4 .5 .6 .7 .8 .9 1 .o 
X / l  

L o n g i t u d i n a l   a r e a   d i s t r i b u t i o n  

(a)  Rocket and helium-gun  models of the Convair XF2Y-1. 

Figure 3.- Physical characteristics of the test  configurations, 
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I I 1 1 1 1 1 1 1 1 Profile of the equivalent-area model. U 

A / l  
.016 

,008 

0 

0 .2 .4 .6 . a  1.0 

x/z \ 

Lcngitudinal area distribution  corresponding to 
a duct  mass-flow ratio of 1.0 

(b) Helium-gun model of the F2Y-1. 

Figure 3.- Concluded. 
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Rocket  model  (without a boundary- 
l a y e r   s p l i t t e r   p l a t e )  

A i r p l a n e   i n l e t   r e d u c e d  
t o  model   sca le .  

Duct   entrance 
S p l i t t e r   p l a t e  
Boundary-layer 
b leed  T w y  

Sect ion   v iew of  d u c t   i n l e t   w h i c h   e x i s t s   o n  
t h e   f u l l - s c a l e   a i r p l a n e   s h o w i n g   t h e   r e l a t i v e  
s i z e   a n d   l o c a t i o n  of the  boundary-layer 
s p l i t t e r   p l a t e .   ( R o c k e t  model  had same i n l e t  
w i t h   s p l i t t e r   p l a t e  removed.) 

0 Body-s t a t ion   l oca t ion  of pe o r i f i c e  

0 Body-s ta t ion   loca t ion  of HD o r i f i c e  

Body s t a t i o n ,   i n .  

Figure 4.- Variation of the  cross-sectional  area of one  duct  with  body 
station  for  the  Convair XF2Y-1 rocket model. 
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Figure 5.- Variation of Reynolds number with Mach number for  the t e s t  
configurations. 
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(b) Moment  coefficient . 
Figure 6.- Typical  variations  of  lift  coefficient  and  moment  coefficient 

with angle of  attack. (Model center  of gravity at 18.65 percent mean 
aerodynamic  chord. ) 
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Figure 7.- Longitudiml stability  characteristics for model  center of 
gravity  at 18.65 percent of the mean aerodynamic chord. 
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(a)  Variation of l i f t  coefficient  with Mach number. 
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(b)  Variation of angle of attack w i t h  Mach number. 

Figure 8.- Characteristics of the model f o r  trim conditions. 
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(a) Pressure  coefficients. 
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(b)  Sketch and  table  defining  the beach surface. 

Figure 9.- Variations  of beach pressure  coefficients with  Mach number. 
Also shown are a sketch and table by which the beach surface is 
defined. 
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Figure 10.- Pitching-moment coefficient  contributed  by  the  beach of the  
model. 
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(a) Total  configuration  drag  coefficient . 
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(b) Component  drag  coefficient . 
Figure 11.- Variation of drag  coefficient with  Mach number. 
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Figure 12.- Rocket-model  duct  characteristics. 
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